B. Remarks 

Claims 5-9, 14, 16-17, and 23-25 are presently pending. Claims 18-22 
were cancelled without prejudice or disclaimer in response to the Final 
Rejection of May 7, 2003. Claims 1-4, 10-13 and 15 are withdrawn from 
consideration as directed towards the non-elected invention. Claim 5 has 
been amended. 

Only one rejection remains in this case, the 35 USC §1 12, first 
paragraph rejection, i.e., the "written description" rejection. Applicants 
respectfully request reconsideration of the rejection based upon the claim 

amendment and the following argument. The response will concentrate on 

f 

four main topics: 

1 ) To begin, a summary of the rejections made by the Examiner are 
useful. 

2) Then, an analysis of the case law about the written description 
requirements it applies to: 

a. the guidelines issued by the USPTO itself on the interpretation 
of the written description requirements; 

b. the CAFC decision Enzo v. Gen-Probe; and, 

c. the MPEP, as to the "description" of a micro-organism in a 
patent application (extracted from the Enzo v. Gen-Frode decision). 

3) Third, in addition to the technical documents already on file, 
documents are herein provided that further demonstrate the techniques used in 
the present invention are art-recognized techniques for characterization of 
micro-organisms, in particular of viruses, and, thus, that these techniques 
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unambiguously prove the "possession" of the invention when the application 
was filed. 

4) Fourth, and finally, the specification both from a quantitative- and 
qualitative point-of-view provides technical information and guidance that (is 
more than sufficient to) demonstrate "possession" of a genus of ERS 
strains/isolates. 

The Examiner's Rejections: 

In one statement, as found on page 2 of the Final Office Action of May 7, 
2003, the Examiner questions whether the application provides adequate 
support for the broadly claimed genus of avian reoviruses. The Examiner's 
primary contention is that the invention may not be adequately described 
where an invention is described solely in terms of a method of its making 
coupled with its fiinction and there is no art-recognized correlation or 
relationship between the structure of the invention and its function. The 
corollary used by the Examiner is to a situation where a biomolecule sequence 
is claimed. However, Applicants' claimed invention is not concerned with a 
biomolecule sequence, but with a complete (micro-)organism, i.e. a virus. 
However, the Examiner admits that possession may be shown by disclosure of 
drawings or structural formulas that are sufficiently detailed. Such sufficiently 
detailed, relevant identifying characteristics may be complete or partial 
structure, . , ., functional characteristics when coupled with a kjiown or 
disclosed correlation between function and structure . See page 3, Final 
Rejection of May 7, 2003. The Examiner then lists a series of examples of 
identifying characteristics of 'being in possession of a claimed invention' as 

EV 136385226 US ^ 



its nucleotide or amino acid sequence, chemical structure, binding afFmity, 
binding specificity and molecular weight. However, Applicants claim a 
biomolecule. Further, and notably, , the Examiner correctly states that written 
the description requirement can be satisfied through disclosure of function 
and minimal structure when there is a well-established correlation between 
structure and iEunction. Applicants have established and will establish further 
correlation. 

On page 4 and 5 of the Final Rejection of May 7, 2003, the Examiner 
outlines why the present disclosure fails to provide adequate guidance and 
lists a series of factors: 

(1) The complete nucleotide or amino acid sequence of any given avian 
reovirus is lacking, even for the specifically deposited isolate. However, the 
Federal Circuit has held otherwise. The Enzo-court came to an opposite 
conclusion in this respect, as will be discussed below. The Examiner 
concludes that the disclosure fails to identify the structure and any critical 
molecular determinants, that modulate the phenotypic properties of any given 
avian reovirus. However, Applicants contend that a plethora of art accepted 
phenotypic properties and determinants have been disclosed. 

(2) The Examiner mistakenly is of the opinion that the virus neutralization 
properties (as measured in a plaque reduction assay) and the monoclonal 
antibody binding characteristics do not provide any information to the 
genotypic properties of any given isolate. Such an impression is mistaken. 

(3) Further, the Examiner contends that the disclosure fails to identify any 
critical antigenic or immunogenic determinants and that nothing in the 
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disclosure would lead the skilled person to any particular isolate other than 
the deposited one. 

(4) Lastly, the Examiner repeats a contention that the plaque reduction assay 
fails to provide any guidance pertaining to the molecular determinants of the 
virus and that the methodology described does not allow the skilled person to 
define the claimed product. Applicants respectfully request reconsideration. 

In response to Applicants' previous arguments, the Examiner contends 
as follows: 

(1) The Examiner contends that the serological properties (resulting from the 
tests used in the description) provide no fiirther understanding of the 
molecular determinants (genotype) of the isolates. The Examiner submits that 
the (two) tests used are generic assays that do not allow a skilled artisan to (i) 
define a genus of genotypically/phenotypically homogeneous isolates and/or 
to (ii) distinguish viruses of the present invention from other viruses. 
However, Applicants' experimentation and characterization is an art accepted 
manner of identifying viruses. 

The Examiner appears to want Applicants to use other properties, such 
as virion size, shape etc. . .. However, these terms are inherent and defined by 
Applicants use of the term "avian reovirus." The term, used in the claims, 
represents a multitude of (inherent) structural and functional limitations that 
(together with the fiarther immunogenic property(s) mentioned in the claim), 
readily allows the skilled person to identify whether he is in possession of the 
claimed subject-matter. 
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(2) Although many isolates are mentioned in the description, the Examiner is 
of the opinion that no detailed structural or functional characteristics (such as 
the nucleotide sequence) of these isolates are provided. However, the law 
does not require a nucleotide sequence to comply with the written description 
requirement. 

(3) According to the Examiner, the case law applied by him is relevant. 
However, the case law is dependent upon the fact situation and words cannot 
be taken from a case and stuck into a rejection. Here, the fact situation 
dictates that the case law be applied differently. 

Case Law Analysis: 

a. The USPTO written description guidelines 
Example 9 of the MPEP ( Hybridization) 

In this example, a single cDNA sequence (SEQ NO: 1) is disclosed that is 
said to hybridize to other nucleic acids under stringent conditions and these 
nucleic acids also encode a protein that binds with a certain receptor. 
The claim is directed to a genus of nucleic acids all of which must hybridize 
with SEQ NO: 1 under highly stringent conditions. 

The guidelines reason such complies with the written description 
requirement using the following reasoning: 

- Hybridization techniques using DNA as a probe were conventional in the 
art. 
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- A single species is disclosed that is actual reduced to practice. 

- The skilled person would not expect substantial variation among species 
encompassed within the scope of the claims because the highly stringent 
conditions mentioned in the claim yield structural similar DNAs. 

Thus, in conclusion, a representative number of species is disclosed, 
as the hybridization conditions in combination with the coding function and 
the level of skill and knowledge in the art adequately determine possession. 
Much the same as the present case. 

Example 14 of the MPEP ( Product by function) 

A protein having an amino acid sequence as in SEQ NO: 3 is 
disclosed that in addition has the property to catalyze a certain reaction. 
Variants (at least 95% identical) of the protein are contemplated but not 
exemplified. Procedures for making such variants are conventional and an 
assay to determine the catalytic activity is described. The claim is directed to 
SEQ NO: 3 and its variants (at least 95% identical and having the catalytic 
activity). 

The guidelines reason such complies with the written description 
requirement using the following reasoning: 

- There is actual reduction to practice of the single species. 

- The genus of variants do not have substantial variation as the amino acid 
sequence of variants is at least 95% identical and have the specified catalytic 
activity. 

Thus, in conclusion, the single species is representative of the genus 
because of these limitations and of the presence of the assay. 
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Example 16 Antibodies 

An antigen X has been isolated and characterized. The specification 
contemplates but does not teach in an example any antibody which 
specifically binds to the antigen. The general knowledge in the art is such that 
antibodies are structurally well characterized, e.g. antibodies contain antigen 
binding sites in the form of complementary (to the antigen) determining 
regions. The claim is directed to antibodies that are capable of binding to 
antigen X. 

The guidelines reason such complies with the written description 
requirement using the following reasoning: 

- Again, the level of skill and knowledge in the art (of antibodies) is deemed 
important, leading to the conclusion that this level was such that the 
production of antibodies against a well characterized antigen was 
conventional. 

- Considering the routine methods of making antibodies, the well defined 
structural characteristics of antibodies, including the functional characteristics 
of antibody binding requirements, the skilled person would recognize that the 
spectrum of antibodies that bind to antigen X are disclosed as a result of the 
isolation of antigen X. 

Thus, in conclusion, the MPEP provides guidance that once a specie is 
disclosed also variants of such a specie that do not substantial differ 
structurally from that specie are described. 

b. The CAFC decision Enzo v. Gen-Probe 
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The present case, as well as the Enzo v. Gen-Probe case, is 
distinguished from the Eli Lilly case (heavily relied on by the Examiner in 
examination of Applicants' claims). In Eli Lilly, it was held that in case (a 
gene) material has been defined only by a statement of function or result, such 
statements alone did not adequately describe that material. 

In contrast, Applicants invention is a claim of: 

(i) the "avian reovirus" , in combination with 

(ii) the immunogenic properties as defined in the claims. 
Applicants contend such represents a precise definition of the claimed 
subject-matter as to its structural- and physical characteristics, and that this 
case for exactly this reason, is distinguished from the Eli Lilly case. 

The Enzo Court held that: 
"// is not correct, however, that all functional descriptions of genetic material 
fail to meet the written description requirement, and referring to the MPEP 
that the written description requirement can be met by ''showing.... sufficiently 
detailed, relevant identifying characteristics, e.g. functional characteristics 
when coupled with a known or disclosed correlation between function and 
structure..'' (page 5, 1'* frill paragraph). 

The Enzo-cown also referred to Example 16 of the USPTO written 
description guidelines: antibodies are adequately described by means of their 
binding property with a certain antigen, because this binding property implies 
well defined structural characteristics of such antibodies. See Enzo Biochem 
Inc, V. Gen-Probe Inc, 63 USPQ2d 1609, 1613 (CAFC 2002). 

Although the Court did not decide on the fulfillment of the written 
description requirement for those claims that cover a genus of nucleotide 
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sequences, because this is a matter of fact specific to the case, it nevertheless 
provided guidance how (for the District Court) to assess such a question, an 
such guidance applies to the USPTO: 

In Ely Lilly the specification ''did not set forth any common feature 
possessed by members of the genus that distinguished them from othef\ 
Notably, the Enzo-Qonn specifically refers to Example 9 of the written 
description guidelines that mirrors the Enzo-casQ in that the Example 9 also 
concerns a genus claim to nucleic acids based on their hybridizing properties. 
As already outlined above, the USPTO guidelines determined that such a 
genus claim fulfilled the written description guidelines, because all species 
within the genus will be structurally similar . 

In other words, the Enzo-court approaches the same question from 
another side: nucleotide sequences that preferentially bind to the described 
genomic DNA of certain deposited bacteria may also be adequately described 
because such sequences have a (complementary) structural relationship with 
the genomic DNA, See Id, at 1693-4. This reasoning is very similar to the 
Antibody- Antigen Example 16 in the written description guidelines. 
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c. The MPEP, as to how to describe a micro-organism in a patent 
application (interpreted in the Enzo v, Gen~Probe decision) 

The Enzo-court makes perfectly clear that practical difficulties are 
associated with describing unique biological materials in a written description 
and stresses both the importance and well accepted practice before the 
USPTO of depositing a sample of the micro-organism to satisfy the §1 12, 1^^ 
paragraph requirements, including the written description requirement: 
"..we hold that reference in the specification to a deposit in a public 
depository, which makes its contents accessible to the public when it is not 
otherwise available in written form, constitutes an adequate description of the 
deposited material sufficient to comply with the written description 
requirement of §1 12, 1". See Id. at 1613. The Enzo-court held that micro- 
organisms "are adequately described in the specification by their accession 
numbers" and that a description of a micro-organism by virtiie of its genomic 
sequence (which would be unduly burdensome, because it would take 3000 
scientists one month to sequence the genome of one micro-organism) is by no 
means a prerequisite for satisfying the written description requirement. See 
Id, Clearly, the £'/iza-court is of the opinion that the description of a 
biomolecule is something different than the description of a complex 
biological material, such as a micro-organism, and that the deposit of 
biological material is a well established manner to describe such material. 

The Techniques Used bv ADplicants are art accepted: 

The documents previously submitted and the following documents 
unambiguously demonstrate that a plaque reduction assay (based on virus 
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neutralization by antiserum) is a conventional test that demonstrates antigenic 
similarity between related viruses in a very specific and selective manner (see 
the various previous citations in the responses). Further, when compiled with 
a monoclonal binding panel pattern, complete disclosure is made and one of 
ordinary skill in the art has the invention. 

The tests provide functional characteristics, i.e. (i) the neutralization 
of a virus by antiserum or (ii) the binding of a monoclonal antibody to the 
virus and, importantly, the tests correlate directly with the structure of the 
viruses, i.e. the presence or absence of certain antigenic determinants or 
epitopes on the surface of the virus. In other words, the tests provide an art- 
recognized correlation or relationship between the function and structure. The 
tests provide information oh the phenotypical properties of the virus 
(presence/absence of certain antigenic determinants) and, hence, on the 
genotypical properties of the virus, i.e. the presence /absence of the 
corresponding coding sequences for these antigenic determinants. 

Serological tests based on virus neutralization or binding with 
monoclonal antibodies are not just random tests, but are the tests utilized in 
this artfield to demonstrate (structural) similarity between species within a 
genus and to distinguish these species from structurally unrelated 
antigens/species. 

The neutralization of a virus by a certain antiserum or the binding 
pattern of a panel of monoclonal antibodies provide an "antigenic fingerprint" 
of the virus, and as such structurally characterizes the species within a genus 
of genotypically/phenotypically homogeneous virus isolates. 
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The following documents further prove that the assays used by the 
present inventors are very appropriate to identify and characterize virus strains 
or isolates of the same serological/antigenic type and, thus, to define a genus 
of homogeneous strains or isolates (Copies are included with this response): 
Estes et al. (Am J Vet Res 41, 151-152, 1980): 

"/« addition, neutralization of viral infectivity with specific antiserum before 
assay (plague reduction) test is shown to be a useful test for identification of 
species of origin of rotaviruses'' (page 15 1, left column). 
''The plaque assay and plaque reduction tests should become useful in 

distinguishing serotypes and titrating The ability to differentiate 

serotypes of rotavirus will be important for the development of vaccines for 
the control of rotaviral infections" (page 152, last paragraph) 
Green et al. (J. Virology 62, 1819-1823, 1988): 

"/w addition, the predicted serotype from sequence analysis correlated in 

each case with the serotype determined when the rotaviruses were examined 

by plaque reduction neutralization or reactivity with serotype-specific 

monoclonal antibodies" (Abstract). 

Kang et al. (J. Clin. Microbiol. 31, 2291-2297, 1993): 

'Trom the serological analyses, three different reactivity patterns were 

recognized by plaque reduction virus neutralization and cell culture 

immunofluorescence tesf (Abstract and Table 3). 

To conclude, the Examiner's opinion that, 

(i) the assays used by the present inventors do noting more than "merely 
citing a particular immunological property without a further 
understanding of the molecular determinants modulating that activity 
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fails to provide any further illumination pertaining to the genotype of 

any given isolate", and 
(ii) Applicants are attempting to define a large genus of 

genotypically/phenotypically independent and distinct viruses based 

upon a rather generic assay, 
is not supported by the wealth of publications supplied to the Examiner. In 
fact, as recognized in the art, these tests provide the opposite types/different 
types of information and, thus, for this reason are suited to demonstrate 
possession of a genus of immunologically homogeneous isolates of avian 
reoviruses. 

Importantly, it is noted that also the term "avian reovirus" used in the 
claims, inherently, defines the claimed subject-matter in a structural manner, 
as the claimed virus comprises the known structural properties of an avian 
reovirus. For example, virion properties of reoviruses, and avian reoviruses in 
particular, are disclosed in the following textbook: 
Virus Infections Of Birds, eds.: Mc Ferran and McNulty, Elsevier 
Science Publishers B.V,, 1993, pages 177 and 181. (previously submitted to 
the Examiner). 

Applicants have Possession of the Claimed Invention: 

Applicants have amended Claim 5 to incorporate the limitations of the 
monoclonal binding pattern and the plaque reduction assay. Claim 5 now 
reads "[a] vaccine comprising an avian reovirus belonging to an antigenic 
class of avian reoviruses ERS isolates, wherein the avian reovirus is able to 
induce antiserum in an animal, which antiserum causes a reduction of the 
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plaques formed by avian reovirus ERS, a sample of which is deposited at the 
ECACC under accession no. 990 11 475, of at least 75% in a plaque reduction 
assay and wherein the avian reovirus positively reacts with polyclonal avian 
reovirus antiserum but not with monoclonal antibodies identified by 
accessions nos. 9901 1472, 9901 1473 and 9901 1474, samples of which are 
deposited at the ECAC, and a pharmaceutical acceptable carrier or diluent," 
Accordingly, Applicants have further defined their invention. However, the 
amendment does not limit the scope of the claim and will not effect the 
application of the doctrine of equivalents because such amendment was 
inherent in the disclosure. The ERS type isolate of an avian reovirus is 
identified by both the monoclonal binding pattern and the plaque reduction 
assay of the present invention. Accordingly, Applicants respectfully request 
reconsideration. 

Moreover, the specification on page 6 of the present invention and 
Example 1 A provide the method and the tools to the skilled person to isolate 
and identify the new ERS isolates. Further, Examples IB-C disclose 13 
identified representatives. As well. Tables 2A and B indeed prove (as 
outlined above) that the antiserum raised against prior art, non-ERS isolates is 
not able to cause plaque reduction of ERS isolates, whereas antiserum raised 
against an ERS isolate is able to reduce the plaques of the specifically 
deposited ERS isolate (ERS-1, see also page 7, last paragraph). 

In addition, the (Moab) binding pattern as specified in the Claims 
further defines the antigenic/structural properties of the claimed ERS isolates. 
The Moab reaction pattern makes clear that the claimed ERS isolates: 
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(i) bind with polyclonal anti-avian reovirus antiserum (and with certain 
Moabs that apparently bind with antigenic determinants that are 
conserved in all avian reoviruses), but 

(ii) do not bind with the three specified Moabs INT-14-1 1, INT-13-06 and 
1 5-01 INT. This functional property of the claimed ERS isolates 
implies that ERS isolates do not have these antigenic determinants that 
are present on known avian reoviruses. 

In conclusion, the Claims are in compliance with the USPTO's written 
description guidelines and the guidance provided by the Enzo-Court, the 
skilled person would directly recognize the spectrum of claimed ERS isolates 
and that the inventors were in the possession of a genus of ERS isolates that 
do not substantially differ structurally. 

III. CONCLUSION 

In light of the Argument above, Applicants respectfully request 
reconsideration of the rejection and allowance of the case. Applicants further 
respectfully request that a personal interview be granted during the week of 
December 2"^*, 2003 between Applicants' attorney and the Examiner. Please 
charge any required fees to deposit account 02-2334 and credit any credits. 
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Identification of Rotaviruses of Different Origins 
by the Plaque-Reduction Test 

M. K. Estes, PhD, and D. Y. Graham, MD 



SUMMARY 

The plaque assay for the simian 
rotavirus SAll was shown to be ap- 
plicable to the economically impor- 
tant calf and porcine rotaviruses. In 
addition, neutralization of viral infec- 
tivity with specific antiserum before 
assay (plaque-reduction test) was 
found to be a useful test to identify 
the species of origin of rotaviruses. 



Rotaviruses have been identified 
as etiologic ageiits in neonatal diar- 
rhea in many mammalian species.' In 
both the cattle and the swine indus- 
tries, rotavirus-induced diarrhea is a 
significant cause of neonatal mortality 
and morbidity. Research aimed at un- 
derstanding the pathogenesis, epide- 
miology, and virology of rotavirus dis- 
ease has been hampered by the lack 
of a rapid, sensitive, reproducible, and 
easy assay method for rotavirus infec- 
tivity. We have recently developed a 
plaque assay for the sinaian rotavirus 
SAll which fulfills those require- 
ments.^ This report extends the 
plaque technique to the economically 
important calf and porcine rotavi- 
ruses. In addition, neutralization of 
viral infectivity with specific antise- 
rum before assay (plaque-reduction 
test) is shown to be a useful test for 
identification of species of origin of 
rotaviruses. 

Materials and Methods 

Porcine rotavijus (OSU strain), bovine 
rotavirus, and roUvirus antiserum ob- 
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tained after infection of gnotobiotic ani- 
mals were supplied by Drs. E. Bohl (por- 
cine)* and C. A. Mebus (bovine),** Guinea 
pig immime sera to bovine rotavinis were 
supplied by Dr. L. Spence.*" Simian rota- 
vims SAH, originally supplied by Dr. 
H. H. Malherbe,** and hyperimmune 
guinea pig SAll andsera were prepared in 
this laboratory as previously described/ 
The plaque assay was done as previously 
described.* Briefly, monolayers of fetal 
rhesus monkey kidney cells (MA 104 cells) 
either (i) were maintained in Eagle's min- 
imal essential medium (emem) without 
serum for 2 to 3 days before assay or (ii) 
were washed three times with tiis-buffeied 
saline solution to remove residual serum 
before inoculation of 0.1 mi of serial dilu- 
tions of viral preparations. After viral ad- 
sorption at 37 C for 90 minutes, an agar 
overlay was applied- The overlay medium 
consisted of £M£M containing 1.5% bacto- 
agar," 0.03% glutamine, 0.3% sodium bicar- 
bonate, 0.02 mg of neutral red/ml, 100 
units of penicillin/ml, and 100 fig of strep- 
tomycin/riii In addition, the facilitators 
DEAE-dextran (100 /tg/tnl) and pancrea- 
tin were required, Pancreatin' waa pre- 
pared by dissolving one tablet (approi 1 
g) in 50 ml of distilled water. A 1:60 dilu- 
tion of this stock was used in the overlay. 
For kn alternative source of enzyme, pan- 
creatin' can be used if diluted so that the 
final trypsin concentration in the overlay 
is 0.2 U/ml, as previously described.' Two 
stocks of pancreatin' tested required a 1: 
600 to 1:700 dilution to obtain this concen- 
tration. Plaques were read after 4 to 6 
days* incubation at 37 C. 

Neutralizaton Te^tf— Neutralizatioa 
tests were performed by miy^ng equal vol- 
umes of (i) dilutions (1:10 to 1:30,000) of . 
antiserum (previously heat-inactivated at 
56 C for 30 minutes) and (ii) virus diluted 
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to contain approximately 100 plaque- 
forming units (PFU) per 0.1 ml. After an 
incubation of 30 minutes at 37 C, 0,2-mI 
ahquots of the virus-antiserum mixture 
were inoculated onto the monolayers. 
Control cultures were inoculated (in par- 
allel) with virus mixed with tris-buffered 
saline solution. 

Results 

Representative plaques observed 
using this assay method with simian, 
bovine, and porcine strains of rotavi- 
rus are shown (Pig 1). These plaques 
were obtained with the Nebraska calf 
diarrhea virus obtained fi-om Dr. Me- 
bus; however, other bovine rotavirus 
strains obtained from Dr. G. Woode 
(strain. Bl4) and from Dr. Spence 
(strains BR486 and BR2352) also in- 
duced plaque formation. The simian 
rotavirus usually yielded the largest 
plaques; the bovine rotavirus strains 
induced intermediate-sized plaques; 
and the porcine rotavirus Induced the 
smallest plaques. 

The ready adaptation of the 
plaque assay to permit serologic iden- 
tification of rotavirus strains is shown 
(Table 1). Hyperimmune SAll anti- 
serum prepared in guinea pigs com- 
pletely neutralized plaque formation 
by the simian rotavirus. There was no 
inhibitory effect (cross-neutralization) 
of the simian agent by antiserum pre- 
pared against either the porcine or the 
bovine rotavirus. Similarly, the por- 
cine rotavirus was easily distin- 
guished^ using potent antiporcine ro- 
tavirus serum which prevented plaque 
formation. Porcine rotavirus infectiv- 
ity was not neutralized by antisera 
prepared against the bovine and the 
siniian agents. Similarly, bovine vims 
antiserum prepared in guinea pigs ef- 
fectively difTerentiated between the 
porcine, bovine, and simian rotavirus 
strains. The bovine rotavirus strain 
was only moderately neutralized by 
bovine rotavirus antiserum prepared 
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Ftg 1— Ftoiaviral plaque lormahon in MAI 04 cetls. ContnoJ <noninfecled) monofayera (A) of mono- 
layers were l/ioculated with simian, strain SA1 1 tB); bovine strain, rwonataJ calf diarrhea virus (C)- 
Of porcine, shrain OSU roraviruses (D). Cultures were photographed 6 days after ihocuJation. 

TABLE 1— The Plaque-Reduction Test: Specific Inhibition of Placjua Formafion by Neutraifzation 
of Stmian, Porcine, and aovine Rotawfruses 









Antisera 






Rotavinu 


None* 
(contxol) 


Anti- 


Anti- 
porcine'" 


Anti- 
bovine'* 


Anti- 
bovina' 


Snttaa origm 
Porcine origin 
Bovine orifm 


1.8 X ]0" 
5J X 10* 
3ix 10* 


<10* 

3.e X 10* 

4.0 X l& 


IJO X 10* 
2.3X l(y 


1.0 X 10^ 
4.0 X lO* 
<10' 


2.7 X 10' 
5J X 10" 
5.0 X 10* 



. ^ »«»e solution; Wypemnmmw panei pig *nti-SAlI «nim, uaH «t l:3aO00 final dilution: 

^.Onotolnotic parcme uiti-porcine rotavmn senim obtained from Dr. Ed Bohl. used at 1:1,000 final dilutioa 
Immune pune. pig anti-BR2352 obtained from Dr. L Spenw. u»d .t l;20O final dilation; ' Gnotobiobc bovine 
anb-NCDV Boum obtained fifom Dr. C. A. Mebus. used at 1:100 goal dOution. 
Data are expressed' in pro/ml. 



in a gnotobiotic call Although the 
gnotobiotic calf serum did permit dif- 
ferentiation between the porcine, bo- 
vine, and simian rotavirus strains, the 
potency of that particular antiserum 
was lower than that produced either 
in the gnotobiotic pigs or in the hy- 
perimmunized . guinea pigs. 

Discussion 

The demonstrated ability of a 
plaque assay to measure the infectiv- 
ity of the porcine and bovine rotavi- 
ruses should allow for more rapid ad- 
vancement in our knowledge of the 
^asic biology of these economically 
important viruses. This rapid and re- 
liable assay, iri combination with neu- 
tralizing aiitiserum, can identify rota- 



virus strains in a plaque-reduction 
test. Application of this test, ijsing 
well-characterized and high-quality 
antiserum, will facilitate identification 
of rotavirus strains in laboratoiies 
working with more than one rota viral 
agent The success of this test, how- 
ever, is dependent on the production 
of high-titer antisera. Due to the an- 
tiviral activity (which appears to be 
antiproteolytic activity^-**) present in 
aU sera at concentrations as low as 
2%, specific reactions may require an- 
tisera which can be diluted at least 1: 
100. Although the specificity of the 
test is dependent upon caroful char- 
acterization of antisera. it is neverthe- 
less simpler than techniques presently 
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available to distinguish strains, sucK 
as polyaciylamide gel electrophoresis^, 
patterns of viral RNA,^ the blocking.^ 
EIJSA test," hemagglutination-inhi- 
bition tests,^ or immunofluorescence^ 
neutralization tests. '-^ 

The plaque assay and plaque-re- 
duction tests should become useful in . ■ 
distinguishing serotypes and titrating 
infectivity of new isolates that have 
been adapted to growth in tissue cul-. 
ture with the help of proteolytic en- 
zymes.*^^^ The ability to differentiate "-^ 
serotypes of rotavirus will be impor- '-^ 
tant for the development of vaccines v^' 
for the control of rotaviral infections. - > 
In addition, the ability to plaque dif- 
ferent rotaviral serotypes under the " 
same conditions and in the same cell-l- 
lines will greatly simplify attempts to ' 7 
study the replication and genetics of ; ■/ 
this new viral group. 
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Human FOtavinis Add isolates were cfaar^cteriixd by direct seqowice analysis of the gene encoding the 
serotype-sftedAc m^pr Deutralizatitjq'iir6tein (Vl*?). Single-straBded RNA transcripts were prepared from 
vtalis parttdes olrtkined direcdy from stool specimens or after two or tlutc passages in MA>104 cells: Two 
regions of the gene (nucleotides 307 through 351 am) 670 through 711) which had prerloosly bcra shown to 
contain regions of sequence divci^eiice among rotavirus siarotypes were sequenced by the didcox^nocleotide 
method wfth two different synthetic oligonucleotide primers. The resulting nucleotide sequences -werfe 
compared with the corresponding sequences from rbtatinises of known Serotype (serotype 1^ 2, 3, or 4), A totel 
of 25 Sdd isolates and 10 laboratoi-y irtrains examined by this method exhibited marked seqtience identtiy in 
both area's of the gene with the corresponding regions of 1 of the 4 referebce strains. lis addition^ the predicted 
serotype from the sequence analyisis correlated lb each case with the serotype detehnbed when the mtaviruses 
were examined by (riaque reduction neutraiization or reactivity with serotype-specific monodonal antibodies, 
These daia st^gg^st that as a result of (he titgh degrM of Seqaence conservation observed among rolatiruses of ' 
the same serotype, it b possible to predict the serotype of a rotavirvs isolate by direct sequence analysis of Its 
VP7gene. , 



Four serotypes were originalJy identified among the many 
fotavinises rtcovered from humaos (25), and two new hu- 
man rotavirus sfmiype candidates have been described 
recenUy (1, 5, 18). Rotavirus Serotypes bave been defiii^d 
using plaque reductiob neutralization (PRN) in vitro (16, 24), 
; tube neutraliEatioh (25), fluorescent focus neutralizatibn 
(3) and; recently, enzyme-linked immunosorbent assay 
(ELISA) using serotypc-spccific monoclonal antibodies (7, 
15, 21, 22). The major serotypc-spccific neutralization anti- 
gens bave been demonstrated (13, 17) to be located on the 
VP7 outer capsid tjrotcin which is encoded by gene 8 or 9. In 
a recent report from this laboratory, the close reiatcdness of 
the gene sequences encoding the Vt7 of rotavirus strains 
bclohgirig to the same serotype was demonstrated by RNA- 
RNA hybridization experiments (19). in thcs? cxperimciits, 
deoatiircd double-stranded RNAs from field strains were 
hybridized to- '^-labeled singlc-stranded RNAs (ssRNAs) 
traascribcd vitro from siiiglc^gcne substitution rotavirus 
reassortants (in which the VP7 genfe was derived from 
human Mrams bdonging to each of the. four frpidemiologi- 
cally important rouvims serotypes), which allowed the 
deductidn of the rotavirus serotype specificity. More re- 
cenUy. we reiJpried that at least nx specific regions of the 
VP7 protein that are divergent in amino add sequence 
aibong different serotypes arc hi^y conserved among rota- 
viruses of. the same serotype (12). On the basis of these 
observations, we proposed that it may be possible to predict 
the serotype of a rotavirus field isolate by comparison of its 
VP7 gene nucleobde sequfcnce with that of a reference virus 
from each serotype (serotypes 1 through 4). 
In the ctm^nt study, a method was developed for obtain- 
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tng arid sequencing ssRN A transcripts" from nriavinises 
partially purified either directly from sto<rf material or after 
pitssage in tissue culture. The places and dates of coUection 
of 25 human rotavinis fiield isolates and laboratory strains 
used in this study are shown id Table 1. Strains B, G, and C 
were obiained.fiom I. Sarov (Ben Gurion University of the 
Negev, Bier-She va, Israel), and straiils 3819, 5083, 2743, 
and 2899 were obtained from T, Nagaib (Egyptian Organi- 
zation for Biological Products and Vaccines, Agouza-Guiza, 
Egypt) ■ Strain P118 was obtained from R. Dolin (University 
of Rochester, Rochester, New York), strain McNli was 
obtained from R. Bishop (Royal Children's Hospital, Mel- 
bourne. Australia), and strains Hochi and Hosbkawa were 
obtained from Y, Inaba (National InStimte of Animal Health, 
Ibaraki, J?pan). Stool specimens positive for rotavirus by 
the ELISA were made into a 10% suspension in phosphate- 
boffercd saline. To grow vzrus in tissue culture, portions of 
some stool suspensioi^s were treated. with trypsin. (3 (ig/ml) 
for 30 to 60 min at 37*0 before absorption onto MA-104 cell 
moaolayfers., Viruses were partially purified cipher froin itool 
suspensions (2 miS dr.from tissue culture harvests by fluo- 
ncicarbon extraction; followed by centiifugation through, a 
309&- silCTOse cushion as described previously (9). ssRNAs 
Were jiroduced by transcriptioafrom partially purified virus, 
extracted once with phcnol-chiortrfonn, and precipitated 
with 3 volumes of cthanol. Additional purification of virus 
wa^ not required to obtain sufficient ssRNAs for sequence 
analysis. Dideoxynucleotide sequendhg Of rotavirus RNA 
was performed as described previously (12) with two syn- 
thetic oligbnudebtides; 5'CCATTGGATTACACAACCAT 
TCI' and 5'GCTACGTnTCTCTTGGTCC3'. targeted to 
nucleotides 531 through 552 and 801 through 819 of the 
transcript RNA encoding VP7, respectively.. These primers 
were deduced from published sequences of the VP? gene of 
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TABLE 1, Comparison of the serotype desifnaiion of 35 buman 
rotavirus strains as determined by three methods 

Serotype determined by 
roUowtof method; 

PRN XlAb* Ssqueacc* 



Strain 



Country of 
. oHffa 



Year 
cotlected 



D 

HN289 

HN256 

HN3(t7 

M37 

B 

G 

PUfl 

DS-1 

HN126 

2743 

2899 

C 

V197 
V206 

P 

McNli 

HN330 

HN257 

V251 

V460 

VlOl 

V52 

V96 

ST3 

HNU 

HNi4 

HNS 

HN19 

VA70 

HN98 

3819 

5083 . 

Hosokawa 

Hbchi 



United States 

Venezuela 

Venezuela 

Venezuela 

Venezuela 

Israel 

Isratl 

United States 

United States 
Venezuela 
Egypt 
Egypt 

Venezuda 
Venezuela 

United States 

Australia 

Venezuela 

Veoeztiela 

Venezuela 

Venezuela 

Vehezuela 

Venezuela 

Venezuela 

England 

Venezuela 

Venezuela 

Venezuela 

Vehezuela 

Italy 

Venezuela 

Egypt 

Egypt 

Japan 

Japan 



1974 
1981 
1981 
1981 
1982 
1983 
19^3 
1985 

1976 

1981 

1982, 

1982 

1983 

1985 

1986 

1974 
19SQ 
1981 
1981 
1985 
1986 
1986 
1986 
. 1986 

1975 
1980 
1980 
1980 
1980 
1981 
1981 
1583 
1983 
1983 
1983 



1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
I 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



' Monoclonal intibddy ELISA performed as described by T*n«dchi et al. 

(22). 

^ Nudeotide sequeiice analysis. 



bovine rotavirus strain Nebraska talf diarrhea virus (11) and 
an; complementary- tt> two regions in the VP7 gene which 
appear to be conserved in all rotaviruses examined thus far. 
These two priming sites arc each downstream from a region 
of the gene that codes for a discrete cluster of amino acids in 
VP7 which are cooaerved within a serotype but are divergent 
among serotypes. The two regions sequenced, nucleotides 
307 through 351 and 670 through 711, correspond to amino 
adds S7 through 101 and 208 throiigh 221, respectively. 



The nucleotide and deduced amino acid sequences ob- 
tained' for each field strain in the two divergent regions were 
compared with the sequences of reference strains D (sero- 
type 1), DS-1 (serotype 2), P (serotype 3), aiiti ST3 (serotype 
4). In Fig. 1, the sequence of each field strain is shown in 
comparison with the reference strain to which.it showed the 
greatest identity. When there was marJced conservation of 
amino acid sequence (2859&) between a field strain and tht 
reference strain in these two regions, ±c field strara was 
assigned the serotype of the reference strain. In conti-ast, 
amino acid similarity among different serotypes in these two 
region^ ranged from 33 to 62%. No more than two amino 
acid substitutions occurred per region among strains of the 
same predicted serotype. 

AU 35 strains in this study were tested in a monoclonal 
antibody serotyping ELISA, and 10 were scrotypcd by FRN. 
A comp^son of these results with the deduced serotype of 
each virus deterinined by sequence analysis showed com- 
plete agreement (Table 1). 

Early after the discovery of rotaviruses in 1973, the 
adaptation of a series of aoimaJ and human strains to tissue 
cultiire aiid theiir comparison by neutralization assays per- 
niined the designation of several serotypes (23). However, 
Serotype identification has been difiScult until recently. Se- 
rotype analysis of roiaviruscs wilt undoubtedly be an essen- 
tial component in the evaluation of rotavirus vaccine 
cacy, becaiisc recent studies, indicate the importance of 
serbtype-specifiC immunity in humans. For example, phase 
n vaccine iriais with a. monovalent (serotype 3) vaccine, 
containing the rhesus rotavirus strain, have been conducted 
in several ai-eas of the worJd, and the. preliminary data 
indicate that the vaccine was succcssfiil in inducing signifi- 
cant resistance to severe diairbea in an area where the 
prevalent serotype was the same as that of the vaccine strain 
(10) but was not successful in places Where other serotypes 
were prevalent (17a). 

Two regions of the VP7 gene shown to be conserved 
within a serotype but divergent among serotypes were 
sequenced from ssRNA transcripts of 25 rotavirus strains. 
These strains bad been collected in widely scattered locati* 
ties over a 12-year period, in every case, it was possible to 
correctly predict the serotype by comparing the sequence in 
two selected regions of the VP7 gept to those of strains of 
known serotype. These two regions of the gene were ana- 
lyzed because they contained the sequences for amino acids 
(residues 94, H, Jind 211) which had been previously as- 
signed to two VF7 Serotype-specific neutralization epitopes 
on the basis of sequence analysis of neutralization-resistant 
mutants selected with neutralizing monoclonal antibodies 
(8). Comparis'on of the nucleotide sequence of the isolates 
with the reference sequence to which it matched most 
closely showed, that nucleotide substitutions did occur but 
that most, substitutions were in position 3 of the codon and 
did not resuH in an amino acid substitution. Some nucleotide 
substitutions which resulted in an amino acid substitution 



FIG. 1, Sequence analyses of 25 rotavirus field isolates of uoknowii serotype and 10 laboratory strairii of known serotype. Nucleotide 
stauences from two areas of the VP7 gene transcript RNA (nudcoudcs 307 through 351 encoding amino acids 87 through lOl and nucleotides 
670 through 711 encoding amino adds 208 through 221) which. were divergent in sequence among serotypes were detenhioed and compared 
with reference strains D. (Serotype 1). DS-1 (DSl) (serotype 2), P (serotype 3), or St3 (serotype 4). The deduced amino acid sequences for 
each reference strain in both regions are enclosed iii o^icn boxes above, the nucleotide sequence. The nucleotide sequences determined from 
'^. .'^^.^^^ shown beneath the irference strain to which the highest degree of similarity was dewcted. Nucleotide substitutions 
withiii strains correspotidiog to the same serotype are underlined, add amino 9cid substitu lions are enclosed in o0ea boxes. Each strain 
analyzed matched closely with only one of the rcirerence strains in both dtvergeni regions. The serotype of the reference strain to which the 
field isolate correlated was assigned as the predicted serotype of the fieJd isolate, nt. Nucleotide; aa, amino acid. 
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were located at positions to which amino add substitutions 
in monodooaJ antibody-selected variants had been mapped. 
In addition, sequence analysis was perfonned in these two 
divergent regiona of the gene approximately 400 bases apart 
to determine whether field isolates maintained serotype- 
specific sequences throughout, the gene or whether recombi- 
nation of diveiBcnt regions occurred. Evidence for chimeric 
VP7 sequences was not obtained. Each of the 25 isolates 
possessed both of the variable regioD sequences of the 
reference rotavirus ii most closely resembled. In addition, 
the isolates matched closely with the reference vims in other 
regions of the VP7 gene (inchiding nucleotides 163 through 
1^ and 745 through 774) shown to be variable among 
different serotypes (data not shown). However, since the 
neutralization specificity of VP7 appears to be dependent on 
protein conformation (2, 14), it is possible that strains may 
exjst which contain mixed divergent regions which yield a 
new serotype specificity. 

Taniguchi cl al. (22), using monoclonal antibodies specific 
5*" ^ °^ rotaviruses from serotypes 1 through 4, 
identified the serotype of rotaviniscs in 38 out of 57 rota- 
vmis-positive stool specimens examined- Of the 19 speci- 
mens studied that were not typed. 10 of these appeared to 
contain two viruses, 4 were nonreactive with the VP3 
common antigen control antibody, and 5 reacted with the 
VP3 common antigen control antibody but did not react with 
any of the serotype-specific monoclonal antibodies. These 
latter viruses could represent either new serotypes or natu- 
rally occurring variants. Coulson (6) has described the 
existence of serotype 1 rotavirascs with various reactivity 
patterns with three different serotype 1-spccific monoclonal 
antibodies and has proposed that these variants be desig- 
nated monotypes. It is apparent Erom sequence data pre- 
sented here and previously that although there is a high 
degree of sequence conservation within rotaviniscs of the 
same serotype, there are sites in the VP7 gene where genetic 
vananon occurs. The emergence of variants from the genetic 
pool of rotaviruses couid explain the different reactivities of 
some rotaviruses with certain monoclonal antibodies i e 
monotypes. It is not known whether existing host antibothJ 
pressures play a role in the emergence of these variants 
However, it is evident that care must be used in the selection 
(^monoclonal antibodies for a serotyping assay. For exam- 
ple serotype 1-spccific monoclonal antibody 2C9, described 
by Shaw et al. (21), neutralizes serotype I strain D but does 
not neutralize serotype 1 strain \G7 by PRN. Strain M37 
contains an amino acid substitution (Asn Ser) at residue 
94 when compared with strain D and thus could represent a 
naturally occurring variant which would not be recognized 
by monoclonal antibody 2C9, which maps to residue 94. 

iTie serotype of each test strain predicted by the sequence 
analysis m this study correlated in each case with the 
serotype of the strain detennined by a monoclonal antibody 
SCTOtyping ELISA.. Furthermore, PRN assays performed 
with a number of these specimens also yielded results 
mdicatmg concordance with sequence analyses. Although 
sequence analysis may not be a practical method for routine 
typing m most laboratories, sequencing of VP7 genes has 
several features of practical interest, (i) If sufficient virus is 
present m the stool, rotavirus particles can be partiafly 
Punfied and transcribed from the stools without adaptation 
ot the vuTis to growth in tissue culture and, if not. two 
passages m tissue culture will provide sufficient vims. Cii) 
Comparison with the reference strains wiU reveal at the 
molecular level whether the strain is a variant or a new 
serotype. Sequence Analysis has been used recently in 



another virus system for a similar purpose. Subgrouping of 
foot-and-mouth disease vims by sequence analysis reveied 
that several outbreaks of the disease in Europe were likely 
caused by a subtype of the vims identical to the vaccine 
strain (4). Genotyping of poiiovirus is now being used for 
epidemiologic studies (20). In the latter case, direct sequence 
analysis was performed on an area of the genome relevant to 
serotype. Similar studies with rotavimses are in progress in 
our laboratory using sequence analysis as an epidcmioloeic 
tool. 
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The Dentralfoatioo qtltopes of tlie outer capsid protein VP? of a porcine gronp A rotavirus were studied by 
using neutraliziog moDodtwal antibodies (N-MAbs). Six N-MAbs wfaicfa were specific for the VP7 protein of the 
Gottfried strain of pordne rotavirus (serotype G4) were used for analyzing the antigenic sites of VP7. Three 
different approaches were used tar this analysis: testing the serological reactivity of each N-MAb against 
different G serotypes of human and animal rotavirases, analyzing N-MAb-resIstani viral antigenic variants, 
and pcrtorming s Dodcotide sequence analysts of the VF7 gene of each of tlie viral antigenic variants generated. 
From the serological aoalyscSf three different reactMty patterns were recognized fay plaque reduction virus 
neatralization and cdl culture immnooflaorescence tests. A singte MAb (RG36iB9) reacted with animal 
rotavirus serotypes G3 and G4 hot not with human serotypes G3 and G4. The MAb 57/8 (D. A. Bcnfield, 
E. A. Nelson, and Y. Hoshino, p. Ill, m Abstr. VUth IntenaL Coogr. Virol., and E. R. Mackow^ R, D. 
Shaw, S. M. Matstti. P. T. Vo, D. A. BenfleM, and H. B. Greenberg.' Virology 165:511-517, 1988) reacted with 
animal and human rotavirus serotypes G3 and G4 and also with human serotype G9 and bovine serotype G6. 
The oflier four MAbs reacted ooly with the porcine rotavinis serotype G4. The epitope defined by MAb 57/8 
and the epitope defined by the other five MAbs appeared to be partialty overtappiag or dose to each other, as 
identified by virai antigenic variant analysis. However, data from nucleotide and deduced amino acid sequence 
analyses of the VF7 ^ each of the viral antigenic variants showed that these two epitopes constituted a large, 
single nentralizatioa domain. 



. . Rotaviruses are established causes of acute gastroenteritis 
:'^^,r-in humans, as well as in other mammals and in avian species 
(?i 21), At least four G serotypes of group A rotavirus 
j i'^^F^g have been identified among strains isolated 
| J. rtV f pigs (3, 9. 20). Of the pordne rotaviruses, the Gottfried 
I ;sjarain is aatigeaically related to serotype G4 himian rotavi- 
t. J§.l;5ises (3, 20) whereas the serotype G5 OSU strain is antigen- 
;|-^i;C-iS^lly distinct from Icnown human rotavirus serotypes (3). 
5>'^|^Qiher pordne rotavirus isolates have been classified as 
pi^j, serotype G3, serotype Gil, and mixed serotypes of G3 aod 
[h^^^^QS (28, 31), Recently, new candidate porcine rotavirus 
fS^- 4ro*yp« have b^ described but noi hiOy characterized (1, 

' ^v^:;. !iTwo outer capsid proteins of group A rotaviruses, VP4 
.pT^^t^nd VP7, are now known to be independent neutralization 
•";fe'/. .^^'.BO»s (15, 16, 18, 19). It has been shown that the serotype- 



■ specific antigen involved in virus neutralization is mainly 



"•^fe^^ '^^^'J by the VP7 glycoprotein (serotype G), which is 
1^4,'^*^** ^ I^A segnjent 7. 8, or 9 (15, 16). By utiKziDg 
t7'^:z?^°''P^^^^ analysis of nudcotide and deduced amino add 
.^uences of VF7 genes frran different animal and human 
: J^Vrotavirus serotypes, nine discrete regions of divergence 
^;^.CyTll to VR9) were deiined (13), Six of these regions were 
^^CTcviously defined as divergent regions among serotypes (12, 

r'"-vl'r: - present study, wc produced VP7-spedfic neutraliz- 
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ing monoclonal antibodies (F^-MAbs) against the Gottfried 
strain of pordoe rotavirus and used them to characterize the 
neutralizing epitopes of VP7. The reactivities of these 
N-MAbs with distinct serotypes of animal rotaviruses and 
symptomatic and asymptomatic human rotaviruses were 
examined by plaque reduction virus neutralization (PRVN) 
and cell culture immunofluorescence (CCIF) tests^ Viral 
antigenic variants resistant to the VPT-specific N-MAbs 
were selected for and analyzed. In, addition, the nucleotide 
changes and the deduced amino add changes within VP7 
associated with the antigenic aJteration in the variants were 
examined. 



MATESIALS AND METBODS 

Viruses and cells. Hie following pairs of symptomatic and 
asymptomatic human rotaviruses, each pair serologically 
distinct, were used for chaiacteiizing the N-MAbs: Wa and 
M37 (serotype Gl), DS-1 and 1076 (serotype G2), M and 
McN13 (serotype G3), and VA70 and ST-3 (serotype G4). 
These human rotavirus strains were provided by Y, Hoshiiio 
(National Institutes of Health, Bethesda, Md.). Human 
rotavinis strain WI61 (serotype (39) (6), supplied by H. F. 
dark (The Wistar Institute, Phihidelphia. Pa.), was induded 
as a symptomatic human rotavirus, llie following were 
included as animal rotaviruses: simian rotaviruses SA-11 and 
RRV (serotype G3), obtained from M, K. Estes (Baylor 
College of Medicine, Houston, Tex.) and Y. Hoshino, re- 
spectively, the Gottfried strain of pordne rotavirus (sero- 
type G4); porcine rotavirus strains OSU (serotype G5) and 
SB-IA (with a serotype G4 VP? and VP4 like that of OSU); 
and bovine rotaviruses NCDV Lincoln (serotype G6) and 
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B223 (serotype GlO, supplied by G. N, Woode [Tatas A&M 
University, College Station, Tex.]). Other serotype G5 poi- 
. cine rotaviruses (EE and A580) (3. 20), isolated and passaged 
in our laboratory, were also used. Ai) rotavinises were 
plaque purified three times before use. 

African green monkey kidney ceD line (MAIEM) was 
used throughout this study. The cells were grown in Eagle's 
rmmmum essential medium (EMEM) supplemented with 
1U% tetaJ bovme serum and antibiotics (100 U of penidUin, 
100 Hg of streptomycin, and 25 fig of nystatin per ml). 

Production of MAbs, Hybridomas were produced by pro- 
ccdures similar to those used previously ic our laboratory 
(22, 35). Female BALB/c mice, 8 to 10 weeks old, were 
maintained in plastic isolators under gnotobiotic isolation 
conditions. Mice maintained in a similar manner were also 
used for ascites production. Hie rnice were immunized 
mtrapcntoneally by using complete Freund's adjuvant with 
toe Gottfried strain of porcine rotavirus, scmipurified from 
the gut contents of an infected gnotobiotic pig. TVo weeks 
later, vmis was administered intraperitoneal^ in incomplete 
I^reund's adjuvant. After aoi additional 2 weeks, mice were 
given intravenous boosters of vinis in phosphate-buffered 
sahne (PBS) (pH 7.4). Three days after the final booster 
spleen cells were fused with SP2A) myeloma cells by usin^ 
50% polyethylene glycol (molecular weight. 3^50; Siema 

. f°" ' ^"^^ bybridomasoccuScd 
at least 30% of the weU area, culture superaatants were 
screened for production of neutralizing antibody against the 
Gottfried strain of porcine rotavirus a fluorescent focus 
«yt>"domas which neutralized 
tne Oott&ied strain of porcine rotavirus during ±e FFN test 
were cloned at least twice by limiting dilution with mouse 
thymocyte feeder layers. Hie immunoglobulin isotype of 
pachMAb was determined by using hybridoma culture fluids 
in Ouchterlony double immunodifiiision gels with sheep 
j^^^J^^^i^^ogiobulin typing sets (ICN ImmunoBio- 

Pristane-priAied BALB/c mice were injected intraperito- 
ncally with cloned hybridoma cells to produce ascitic fluids. 
The ascinc fluids were filtered (0.45.nm-pore-size filter: 
ftJUipoTe Corp., Bedford. Mass.), heat inactivated (56^0 f^ 

used in the assays. 
i„SJ ™ performed to screen for 

^bndomas secreting neutralizing antibodies against the 
oot^cd stram of porcine rotavirus by a modification of 
J^^c'*^ ^"^^^^ (22, 35). Briefly, equal vol- 

umes of irybndoma culture fluids and virus su^ensions 
contaming 10* fluorescent focus-forming units per 0 50 ml 
were mixed and incubated for 1 h at 37»C MAX04 ccU 
monolayers in ^S-wcH plates were inoculated with these 
mixtures and incubated at ITC for 18 to 20 h in a 5% CO, 
atmosphere and then fixed with 80% acetone and stained 
with fluoresccm isothiocyanate-conjugated porcine and-por- 
one rotavirus (OSU strain) immunoglobulin. Hybiidmna 
sp^matants that reduced fluorescent focus-forming units by 
60% or more were considered to contain neutiahzinji anti- 
^o^ies to the Gottfried stram of poreine rotavirus 

CCIT test. Tlie CX3F test was perfermed to dctermme the 
reactivity patterns of N-MAbs agamst different serotypes of 
tiuman and animal rotaviruses. Confluent MA104 ceU mono- 
^yers m ^wcll microtiter plates were infected with various 
rt "i°S?rf at a multiplicity of infection of 

u.i rY-u per ceU. After incubation at 37^ for 18 to 20 h 
infected ceUs were rinsed once with PBS and fixed with 8096 
acetone. Immunoglobulins predpiiated from the ascitic flu- 
ids with ammonium sulfate and mixed with PBS at a stan- 
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dard concentration of 10 jig/ml were added to infected, fixed 
cells and incubated for 1 h at yPC, After incubation, the 
plates were washed three times with PBS and fluorescein 
isothiocyanate-conjugated goat anti-mouse immunoglobulins 
(A. G, and M) (Kirkegaard and Peny. Gaitbersburg, Md ) 
were added to each well at a 1:30 dilution. Following 1 h of 
mcubatidn at 3Tt:, the plates were washed twice with PBS. 
Cells were examined for immunofiuorescencc with a fluores- 
cence microscope (Olympus IM, Tokyo. Japan), and wells 
which contained ceUs fluorescing In the presence of N-MAbs 
were considered positive. For determination of the titers of 
the N-MAbs against the homologous GoUfried strain of 
porcine rotavirus by the CQF test, serial dilutions of uncon- 
centrated ascites were tested as described above. The titer 
was caressed as the reciprocal of the highest ascites dilu- 
tion which resulted in the appearance of fluorescing cells 

PRVN test The PRVN test was performed in plastic 
six-well plates containing MA104 ceU monolayers to deter- ' 
mine titers of the N-MAbs as previously described (35). In 
bnef, serial fourfold dilutions of asdtic fluids were rabced 
withcqual volumes of the viral suspension, containing 60 to 
80 PFU/O.l ml, and incubated at ZTQ for 1 h. Then, 0.1-ml 
vohimes of the mixtures were inoculated onto duplicate 
wells and incubated for an additional 1 h at 37»C. The plates 
were washed once with seram-free EMEM, and agar me- 
dium containing 0.8% noble agar and 67 jig of neutral red and 
25 tig of pancreatin (GIBCO Uboratories, Grand Island, 
N. Y.) per mi (four times the neutralization factor) in EMEM 
was added. Hie PRVN titer was expressed as the reciprocal 
of the highest dilution of ascitic fluid which produced an 80% 
reduction in the number of plaques compared with the 
number in wells containing the control virus. 

Production of N-MAh-reslstant viral antigenic variants. He 
VP7-^)eafic N-MAbs were used to select viral antigenic 
variants which were resistant to neutralization. Selection 
Md isolation of the viral antigenic variants were performed 
by a modification of procedures previously described (33). In 
bnef, 100 mJ of serial 10-fold dilutions of the Gottfried strain 
of porcine rotavirus was mixed with an equal volume of 
asatic fluids dihitcd 1:25 to 1:500 in EMEM and incubated at 
yrKl for 1 h. MA104 ceU monolayers grown in roller tubes 
were then inoculated with this mixture. After adsorption for 
1 h, cells were washed with serum-free EMEM and fed with 
2.0 ml of serum-free EMEM containing asdtic fluid diluted 
1:500 or 1:2,000 and pancreatin. Infected cells were incu- 
bated m a roller tube apparatijs and were harvested after 7 
days. The growth of each viral antigenic variant was assayed 
by a CCIF test, and the resistance of each variant to the 
corresponding N-MAb was confirmed by the FKN test. After 
an additional two cydcs of virus neutralization and multipli- 
cation, as described above, the resultant viral antigenic 
^ants were plaque purified at least twice in MA104 cells 
Each viral antigenic variant was designated by prefixing the 
name of the N-MAb used for its selection with the letter v 
We picked five plaques for each selecting MAb. and die 
plaque-purified viral antigenic variants were examined for 
their patterns of reactivity with the panel of VP7-spedfic 
N-MAbs. 

Protein spcdfldfy of the N-MAbs. The protein specificity of 
each N-MAb was determined by the PRVN test with the 
natiirally occurring reassortant porcine rotavirus strain SB- 
lA, The SB-IA strain contains all the protein genes of the 
Gottfried sfrain (inchiding the VP7 gene, serotype G4) ex- 
cept for the VP4 gene (serotype P), which is of OSU origin 
(3, 18, 20). 

Nucleotide sequences of »iral antigenic variants. The nucle- 
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TABLE 1. Charactsiizatioa by isotype, protets spedfidty, and 
liter of MAbs pnxluced against the Gottfried strain 
of porcine rotavirus 



MAM 



ImmuiKiglobulin 
isotype 



Antibody titet*. m test 



PRVN 



CCIF 







RG36H9 


M 


270,000 


102.400 


1- 




RG38A3 


M 


mooo 


12,800 


i5 




RG39C12 


G3 


64 


<100 


'S 




RG42A6 


G3 


64 


<100 


if 




RG43H1 


G3 


64 


<X0O 


rf 




57/8 


M 


350.000 


>204.8a0 



m 



■ The protein spedfici^ of the MAbs {tnm asoiu) was VP7, as detenninrd 
Uy lucdos whb aa 05U x Gottfried russonsot nXavirus (SB-IA) (VP4: 
OSU: VP7;Go«6iBtj). 

* FRVN titers agaijist t)ie Gott&ied Mraia at rotavinu are expressed u 
die reciprocal of the isckes dihtooo which produced an S0% redncdoa in 
pbqnes compared widi the number (A plaques in controls. Uten in ihe CCIF 
Test repnseot tlic redptocal of the aadtes dilutiian -which produced tmnnuio- 
SuorescsocB after i»feect qarning of cell cuitoies tnfectsd with ttte Gott- 
ftied stnia of ratovinis with fiuorescsin-coi^ugatcd asti-aioiise imnnino^llob- 
ulins. 



otidc sequences of the VP7 gene of the Gott&ied strain of 
porcine rotavirus and the viral aotigenic variants were 
determined by piiiner extension analysis (14). Plus-stranded 
RNA transcripts were prepared froili single-shelled rotaviius 
cores, and dideoxynucleotidc sequencing of RNA traii- 
scripcs was perfoimed by a method described previously 
(10). 

RiSULTS 

Characterizalion of MAbs. Both V74- and VP7-spccific 
N-MAbs were produced during cell fusion, and VP4-specific 
N-MAbs were characterized previously (22). A panel of six 
VP7-spedfic N-MAbs was usf d in this study, five of which 
were produced and cloned in our laboratcny. The sixth 
NrMAb, 57/8. was produced previously by Benfield et al. (2). 
A summary of the properties of these N-MAbs is given in 
Table 1. All five N-MAbs were shown to be VP7 specific by 
their neutralization of the Gottfried and SB-IA rotavirus 
^strains (Table 2). The latter virus shares the VP7 G4 serotype 



with the Gott&ied rotavirus strain but contains an unrelated 
gene 4 (a VP4 gene like that of OSU rotavirus). A Gottfried 
VP4-specific N-MAb, RG24B9 (22), was included in the 
assays as a control. This N-MAb (RG24B9) failed to neutral- 
ize rotavirus strain SB-IA- 

KeactMty of N-MAbs with various rotavirus strains, (i) 
Virus neutralization. The cross-reactivity of the N-MAbs 
specific for VP? of the Gottfried strain with various sero- 
types of human and animal rotaviruses, detemuncd by the 
PRVN test; is shown in Table 2. Three distinct patterns of 
reactivity of the N-MAbs with various human and animal 
rotavirus serotypes were observed. On the basis of the 
PRVN results, VP7-specific N-MAbs were divided into three 
groups (groups I to lU) according to their patterns of 
reactivity with various serotypes of human rotavirus. One 
N-MAb, categorized as group I (RG36H9), did not neutralize 
any of the human rotavirus serotypes tested, whereas it 
reacted with animal rotaviruses of the G3 serotype (SA-11 
and RRV). However, another four N-MAbs (RG38A3, 
RG39C12, RG42A6, and RG43HI), categorized as group 11, 
did not neutralize any of the human and animal rotavirus 
serotypes examined except for the Gottfried and SB-IA 
strains (serotype G4). The single N-MAb m group HI, 57/8, 
cross-reacted with symptomatic and asymptomatic human 
rotavirus serotypes G3 and G4 and with symptomatic human 
rotavirus serotype G9 (Table 2). This N-MAb also neutral- 
ized animal rotavirus serotypes G3 (SA-11 and RRV) and G6 
(NCDV). As indicated eariier, all the VPT-specific N-MAbs 
reacted with SB-IA porcine rotavirus, which shares the VP7 
gene with the Gottfried strain of rotavirus and the VP4 gene 
with the OSU strain of rotavirus (11). 

(ii) CCIF. The reactivity patterns of the N-MAbs obtained 
with various serotypes of human and animal rotaviruses, as 
detcnnined by a CCIF test, are shown in Table 3, On the 
basis of these results, the N-MAbs were grouped (groups I, 
n, and m) as described above. 

antigenic variant analysis. To map the topographical 
antigenic sites of V77, we selected viral antigenic variants 
froci a pool of the Gottfried strain grown in MA104 cells in 
the presence of each of the N-MAbs. We did not calculate 
the frequency of viral antigenic variants. However, viral 
antigenic variants coiild be readily isolated by three passages 



-Table Z. PRVN titers' 6f Gottfried VP-T-speciAc MAbs against bomologoos virus, symptomatic and asymptomatic human rotavirus G 

serotypes, and acunol rotarvims G serotypes 



f ■ MAb (frotn 
;f:^\;^, ascites) 



Titcr(s) agaiDst totavinis (serotype)* 



HtBnu strats(s) 



. Animal straiD(s) 



R036H9 
. RG3aA3 

rRG39C12 
; RG42A6 
c:R043Hl 



m 



57/8 



M57(G1) 


DS-i {G2V 
1076 (Gl) 


M(G3)/ 
McN13 (G3) 


VA70 (04)/ 
ST-3(04) 


(09) 


SA-U 
(03) 


RRV 
{<i3) 


Gottfried {C*)f 
SB-IA (G4) 


OSU 
(05) 


NCDV 
(06) 


B2Z3 
(OlO) 


<4/<4 


<4/<4 


<4/<4 


<4/<4 


<4 


3,600 


7,000 


270,00(V270,000 


<4 


<+ 


<4 


<4/<4 


<4/<4 


<4/<4 


<4/<4 


<4 


<4 


<4 


1M,00(V100,000 


<4 


<4 


<4 


<4/<4 


<4/<4 


<4/4 


<4/<4 


<4 


<4 


<4 


64/64 


<4 


<4 


<4 


<4/<4 


<4/<4 


<4/4 


<4/<4 


<4 


<4 


<4 


64/64 


<4 


<4 


<4 


<4/<4 


<4/<4 


<4/4 


<4/<4 


<4 


<4 


<4 


64/64 


<4 


<4 


<4 


<4/<4 


<4/<4 


>65,536«M 


>6S,S36/9,300 


4,096 


>65,536 


>65436 


350.000/>65,536 


<4 


20,000 


<4 



* Httthan strmns ire in symptomattc/aiyniptomatic ptksi animal strains (symptoniatic) are paired by serotype only. The brunan strain listed siagfy is 
!--;->"■ ■ aympionutic. 
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TABLE 3. Pattenis of reactivity of Gottfried VPT-specific MAbs against, various htmiHS and animal rotavirus G aerot]rpes 

in the CCIF test* 



Group and 
MAb 



Paneo of rcactiviry wiih rouvins (serotype)* 



Humaii 5rrain(x) 



Animal stniii{s) 



Wb(G1)/ DS-l(C2y MfG3y VA70(G4y WI61 SA U (G3y Cottfiied (04y SB-2(04y OSU (C5y NCDV(G6V 
M37(G1) 1076(02) McN13 (G3) ST-3 (C4) <G9) RRVfG3) SB-1A{04) SB-S {G4) EE(G5) B223(G10) 



I 

RG36H9 




-/- 








+/+ 


+/+ 


-/- 






n 

RG38A3 
RQ39a2 
RG4ZA6 
RG43H1 






-/- 








+/+ 
+/+ 
+/+ 


-/- 


-f- 
-1- 




m 

57/8 

RG25Al(r 


+/+ 


-/- 
+/+ 


+/+ 
+/+ 


+/+ 
+/+ 


+ 


+/+ 


+/+ 
+/+ 




+/4 


+/- 
+/+ 



■ Ammoahaa sul&t«-pncipitated MAbs front Ascites were tested at a concentration of 10 ^ig/ml e^ainst MA104 crib infected' with various rotavinisu, 
incubated in 96-wcO tisatie ctdtaie plates. +. presence of specific flooresciiig cells; -, absence of specific fluorescing calU. 

^ Hsman straiai aie ia symptonitic/asyiiqitQniatic pairs; animal strains (Eymptomadc) ate paired by serotype only. Tbe humaD strain listed sin^ is 
symptomatic. 

' VP6-$pecaSc MAb used as a control. 



of the virus in the presence Of the N-MAb in roller tube ceU 
cultures prior to plaque puriiBcation (data not shown). 

We attempted to isolate different kinds of viral antigenic 
vaiiaats against each N-MAb> on the basis of distinctive 
plaque characteristics (size, opacity, etc.) which might cause 
different neutralization reactivity patterns with the panel of 
VP7-specific N-MAbs. Wc obtained eight viral antigenic 
variants by using N-MAbs directed against the Gottfried 
strain of pordboe rotavirus. The patterns of reactivity be- 
tween these eight viral antigenic variants and the panel of 
VP7-spedfic N-MAbs, determined by cross-neutralization 
tests, arc summarized m Fig. 1. Three distinct reactivity 
patterns were observed. RG36H9, categorized as group 1, 
selected one viral antigenic variant, V-RG36ID. which was 
resistant to neutralization not only by the homologous 
N-MAb used for its selection but also by four heterologous 
N-MAbs (RG38A3, RG39C12, RG42A6, and RG43H1). 
However, V-RG36H9 was sensitive to neutralization by 
N-MAb 57/8. Two N:MAbs ^G42A6 and G43H1) catego- 
rized as group II each selected two distinct viral antigenic 
variants, V-RG42A6/A ind V.RG42A6/B for RG42A6 and 
V-RG43H1/A and V-RG43H11/B for G43H1. TTicy behaved 
differently with the panel itrf VP7-5pecific N-MAbs. For 
example, v-RG42Afi/A was sensitive to N-MAb RG38A3, 
whereas V-RG42A6/B was resistant to neutralization by the 
same N-MAb, However, two N-MAbs (RG39C12 and 
RG38A3), also categorized as group U, selected viral anti- 
genic variants V-RG39C12 and V-RG38A3, respectivcJy, and 
their reactivity patterns were the same as that of V-RG36H9. 
The group m N-MAb, 57/8, selected one viral antigenic 
variant, and its reactivity pattern was the same as that of 
V-RG43H1/A. Only V-RG43HI/A aad the homologous vari- 
ant (v-57/8) were resistant to neutralization by N-MAb 57/8. 
v-RG42A£i/A was resistant to neutralization by the homolo- 
goos N-MAb RG42A6 and by heterologous N-MAbs 
RG36H9 and RG39Ci2. but k was sensitive to RG38A3. 

Nucleotide scqpcsce analysis of antipsic vartanls. Td map 
the antigenic sites on VP7 of the Gottfried strain, wc 
sequenced the VP7 gene of the parent Gottfried strain and 
that of its antigenic variants which were resistant to the 



N-MAbs used for their selection. Table 4 shows the nucle- 
otide sequence of tbe VP7 gene and the deduced aniino acid 
sequence changes in the viral antigenic variants. Only single 
nucleotide changes were found on the entire VP? gene of 
each viral antigenic variant. 



N-MAb« 



V 
A 
R 
I 
A 
N 
T 
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24Bg 














GoTT 















FIG. 1. Antigenic sites oo VP7 of tbe Gottftied strain of porooe 
rotavims. A panel of VP7-sped6c N-MAbs was tested for oeutnl- 
izatioo of the parent virus (Gon) and the N-MAb-resistaot viral 
aat^eaic variants by the FFN test, the viral antigenic vuiaats were 
designated as resisunt !(■) or sensitive (□] to acDtralizatioo with 
each N-MAb. Tbe criterion for resistance was that tbe titer of tbe 
N-MAb against a given variant be at least 32-fokl lower than tbe titer 
against tbe parent vims. Viral antigenic variaiii v-RG24B9, which is 
resistant to VP4-specific N-MAb RG24B9, was included as a coo- 
tioL NlOlti represents pordne bypciinmiuat anti-Gottfried porcine 
rotavirus seram. 
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TABLE 4. Nudeotide and amino xid sequence changes found in 
the viraj aorigenic variants selected with VP7-spccific N-MAbs 



1) 



ad 
of 



U- 
«1 
re 
tb 
le 
er 
is 

D- 

le 



ADtigsBic 
vaiiuT 



Sdecdag 
N-MAb 



CodOQ change 
(pQsiQoa) 



Amino acid 



V-RG36H9 

v^RG38A3 

^R039C12 

V-RG42A6/A 

V.RG42A6/B 

v-RG43m/A 

V-RG43H1/B 

v.57/8 



RG36H9 

RG3aA3 

RG39C12 

RG42A6 

RG42A6 

RG43H1 

RG43H1 

57/8 



AATto 
AAtto 
AATlo 
AATto 
AATto 
AATto 
AATto 
AAT to 



GAT. (328) 
GAT (328) 
GAT (328) 
AGT(335) 
ACT (335) 
GAT (335) 
GAT (335) 
OAT (328) 



Asn to Asp (94) 
Asa to Asp (94) 
Asn to Asp (94) 
Ann to Scr (96) 
AsQ to Tlir (96) 
Asn to Asp (9^ 
Aso to Asp (96) 
Asn to Asp (94) 



m 

m 



P 

mi-' 

mi 



DISCUSSION 

N-MAbs directed against the VP7 of strains SA-11 and 
RRV, three serotypes of pordoe rotaviruses, and human 
rotavirus strains have been described previoiwiy (4, 7, 16, 
27, 32, 34). We repeatedly failed to determine the viral 
protein specificities of our VP7-spedfic MAbs by Western 
blot (immunoblot) analysis (data not shown), confinning 
other reports that many VP7-spccij5c N-MAbs do not react 
with denatured VP? in a Western blot or by immunoprecip- 
iution (7, 11, 34). However, each of our N-MAbs was 
confirmed as VP7 specific by its aeutralization of the natu- 
rally occurring reassortant porcine rotavirus strain SB-IA, 
. which contains an unrelated gene 4 (a. VP4 gene) from a 
serotype G5 (OSU strain) rotavirus but gene 9 (a VP7 gene) 
from a serotype 04 (Gottfried strain) rotavirus (19). 

Morita et al. (26) also determined the protein specificities 
of N-MAbs using gene reassortants. However, protein spec- 
ificity determined only by using reassortant viruses should 
be analyzed carcfiiUy, on the basis of the results obtained by 
Chen et al. (5), who showed that VP4-specific MAbs could 
react m reassortant studies as if they recognized VP7 be- 
cause of steric interactions between VP4 and VP7. In our 
: experiment, all the N-MAbs tested neutralized the SB-IA 
reassortant rotavirus (Table 2). VP4-spccific N-MAbs to the 
.Gottfried strain of rotavirus were produced and character- 
;-:jzed previously, and protein specificity was determined by 
-ft immunopredpiution test. None of the VP4-speciflc 
N-MAbs neutralized SB-IA, further confirming their VP4 
specifidty (22). 

:v N-MAbs and their viral antigenic variants arc useful for 
■analyzing the antigenic determinants of viral proteins which 
■ are involved in neutralization (8, 24-26, 32, 33). The genetic 
changes sustained by each viral antigenic variant which is 
resistant to the selecting N-MAb should also confer resis- 
tance to other N-MAbs which recognize similar andgenic 
.determinants. 

Although differences m the serological reactivity patterns 
;SUggestcd three distinct groups of N-MAbs. the viral anti- 
geiuc variant analyses confirmed nonrecipiocal reactions 
indirectly hnking at least three neutralization epitopes within 
a single domain (Fig. 1). Competitive binding experiments 
with our N-MAbs will be requfrcd to eluddatc the structural 
Jelationship between the identified epitopes. Viral antigenic 
variant analysis can create a relative map of the antigenic 
.topography of the viral surface and can identify the amino 
fcids that directly or indirectly affect neutralization 
epitopes., but it cannot identify the exact location of neutral- 
aation epitopes. When the nudeotide sequence of the VP7 
«eoe of each viral antigenic variant was compared with that 
W the VP7 gene of the parent virus, only a single nucleotide 
change was found on the entire VP7 gene in each vfral 



antigenic variant. All viral antigenic variants selected with 
N-MAbs had an annno acid change in region A (amino adds 
87 to 101). The VP7-specific N-MAbs did not select any viral 
antigenic variants that had a mntation in region B (amino 
adds 145 to L50) or region C (amino adds 211 to 213). Except 
for this difference, our oljservations with VP7-spedfic 
N-MAbs against the Gottfried strain of pordne rotavirus 
(sero^pe G4) are similar to those previously reported for 
other rotavirus serotypes (25, 26, 32, 33), 

On the basis of VP7 gene sequence analysis of neutraliza- 
tion-resistant antigenic variants selected with serotype G3- 
specxfic homotypic N-MAbs agamst SA-11 rotavirus, Dyall- 
Smith et al. (8) identified three distinct regions (A, B, and C) 
related to neutralization, two of which (A and Q appeared to 
be close t(?gether on the native VP7 glycoprotein. Also, the 
same large neutralization domain with several interrelated 
epitopes on VP7 was defined by several investigators using 
different serotypes of rotaviruses (26, 32, 33). These findings 
suggest that the immunodcnniDant antigenic sites for neutral- 
ization on VP7 resides are at the same positions in rotavi- 
ruses which are of different serotypes as well as from 
different species. 

Recently, however, Kobayashi et al. (23) identified a new 
neutralization epitope (S-2) on VP7, which is distinct from 
die previously recognized ones. There are several reports 
describing heterotypic epitopes on rotavirus VP7 that induce 
cross-neutralizing anti'bodies. Dyall-Smith et aJ. (8) reported 
that there is a close spatial relationship between the A and C 
regiMis; in their study, antigenic variants m both regions 
were selected with the same N-MAb- Mackow et al. (25) 
demonstrated that even though heterotopic N-MAb 57/8 
binds to an antigem'c site made up of both the A and C 
regions, the variants selected with this N-MAb had a muta- 
tion at amino add 94 in the A region, the same amino add 
location selected with homotypic N-MAbs. They proposed 
the hypothesis that VP7-specific heterotypic N-MAbs recog- 
nize epitopes composed of A and C regions which are 
conformation dependent. Tanigudu et al. (33) showed that 
one heterotypic N-MAb specific for VP7 of serotypes Gl, 
G3, and G4 selected variants with mutatitms at the same 
position in region A (amino add 96, 98, or 99). Our experi- 
ments showed similar results. Viral antigenic variants se- 
lected with the heterotypic N-MAhs RG36H9 (which neu- 
tralizes serotypes G3 and G4) and 57/8 (which neutralizes 
serotypes G3, G4, G6, and G9) had a mutation within the A 
region (amino acid 94, Asn Asp), and serotype-spcdfic 
neutralization epitopes recognized by N-MAbs RG3SA3, 
RG39C12, RG42A6, and RG43HI mapped in the same region 
(amino add 94 or 96, Asn Asp or Asn Scr or Thr), 
Although the homologous PRVN titers of three of the group 
n MAbs (RG39C12, RG42A6, and RG43HI) were low (titers 
of 64), they were effective in iiidudng escape muutions in 
this known antigenic site and they displayed reactivity 
patterns similar to that of a fourth MAb in group n (RG38A3) 
with a high PRVN titer (180,000). Because we did not 
recover viral antigenic variants with mutations in region C 
(amino adds 211 to 2D), we could not test and confirm the 
condusions of Mackow et al. (25) regarding heterotypic 
neutralization epitopes composed of A and C regions. More 
VP7-specific N-MAbs are needed to resolve this question. 

The role of ,VP7 tn heterotypic immunity is unclear. At 
first, VP4 appeared to be responsible for the induction of 
heterotypic unmunity (18, 19, 29). Several VP4-spccific 
N-MAbs were cloned and shown to be cross-reactive with 
different serotypes of human and animal rotaviruses (22). 
However, we and others produced VP7-specific N-MAbs 
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that neutralized different serotypes of human and animaJ 
rotavinises (2, 25, 33), suggesting that VP7 also plays a role 
in heterotypic immunity to rotaviruses. 

In summary, we selected viral antigenic variants to be 
tested against a panel of VPT-spedfic N-MAbs, and three 
distinct patterns of reactivity between these variants and the 
N-MAbs were observed. The N-MAbs showed three differ- 
ent patterns of reactivity against various G serotypes of 
human and animal rolavinises in PRVN and CCEF tests. 
Nevertheless, viral antigenic variants were selected at two 
closely spaced amino acids (Asi>-94 and -96), resulting in a 
change to one of three other amino acids {Asp, Scr, or Thr). 
These resuhs imply that the actual binding sites of the 
N-MAbs are not identical. 
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